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Keypoints 
1. A ~7.6yr signal was found in the ∆LOD for the first time. 
2. Robust evidences prove that the ~5.9 year and ~8.5 year in the ∆LOD have no stable damping 
trends but time-varying amplitudes. 
3. Both of the ~5.9 year and ~8.5 year signals may relative to the jerks, but no evidence can prove 
that jerks are exactions of them. 
 
Abstract 
The intradecadal fluctuations in length-of-day variations (∆LOD) are considered likely to play an 
important role in explaining core motions. There are two intradecadal oscillations with ~5.9-year and 
~8.5-year periods (referred to as SYO and EYO, respectively) which have been detected in previous 
studies. But whether the SYO and the EYO have stable damped trends in the 1962 to now time-span 
and whether the geomagnetic jerks are possible excitation sources for the SYO and the EYO are still 
debate questions. In this study, based on the same simulation test, the same ∆LOD record and the 
same method as previous studies, and combined with classic filter method and much longer ∆LOD 
record, we show robust evidences to prove that the SYO and the EYO have stable damped trends in 
the 1962-now time-span, and we confirm that there has an ~7.6yr signal for the first time. After 
showing that the SYO also has a similar relationship with jerks as pervious study suggested for the 
EYO, we tend to believe that the SYO and EYO may relative to the geomagnetic jerks. But there is 
no robust evidence to show that jerks are possible excitation sources of the SYO or EYO, and none 
of the SYO and EYO can offer special help in predicting geomagnetic jerks. 
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1. Introduction 
The fluctuations characteristics and excitations of the intradecadal changes in the ΔLOD were 
thought to be related with the short-period secular variations in the core geomagnetic field, and hence 
will help to constrain the strength of the magnetic field in the core and to understand the mechanism 
of the Earth’s core-mantle interacts (e.g., Mound & Buffett, 2006; Gillet et al., 2010; Holme & de 
Viron, 2012; Gross, 2015). There are two periodic signals have been detected from the ΔLOD in the 
intradecadal period band (here we mean the 5-10 year period band), an approximately six year 
oscillation (SYO) (e.g., Liao & Greiner-Mai, 1999; Abarca del Rio et al., 2000; Mound & Buffett, 
2006; Holme & de Viron, 2013; Chao et al., 2014; Duan et al., 2015, 2017, 2018; Ding & Chao 
2018a,b; Ding 2019; Duan & Huang, 2020a) and an approximately 8.5 year oscillation (EYO) (Ding 
2019; Duan & Huang, 2020a). The fluctuation characteristics of those intradecadal changes are 
thought that can help to determine their possible mechanism (see as Gillet et al., 2010, 2015, 2019). 
However, the fluctuation characteristics of those two signals are still controversial.  
Liao & Greiner-Mai (1999) first found a nearly stable ~5.8 year oscillation in ΔLOD in the 
1970-1990 (see their Fig. 5a) and found that the Southern Oscillation Index may has some 
correlation with it. Abarca del Rio et al. (2000) also shown that a 6-7 year oscillation has no stable 
decreasing trend in the 1900-2000 time-span (see their Figs. 3 and 4), the fluctuation characteristic of 
it is similar as a modulation suggested by Ding (2019; referred to as D19). Holme & de Viron (2013) 
shown that the SYO is a stable fluctuation in the 1962-2012 time-span after using an iteratively 
fitting and removing process. Chao et al. (2014) showed the Morlet Wavelet spectrum of the ΔLOD 
in the 1962-2012 time-span, their results roughly indicated that the SYO has a decreasing trend from 
1965-1997, but change to an increasing trend after 1997 (See their Fig. 1c). After using an 
Daubechies wavelet low-pass filter and combining with a symmetric extension, Duan et al. (2015) 
used the normal Morlet wavelet (NMWT) method for the extended ΔLOD time series, and found that 
the SYO has a nearly stable decreasing trend in the 1962-2012 time-span (see their Fig. 9). Based on 
the same method and same record (1962-2012), Duan et al (2017) further estimated the quality factor 
Q of the SYO is 51.6±0.4 based on fitting the envelop curve of the SYO in the time domain. Based 
on this Q value and a free decay trend for the SYO, Duan et al. (2018) and Duan & Huang (2020b) 
further considered electromagnetic (EM) coupling at the core-mantle boundary (CMB) under the 
MICG mechanism. Based on the optimal sequence estimation method (Ding & Shen, 2013; Ding & 
Chao, 2015a), Ding & Chao (2018a) first found the SYO in global GPS and geomagnetic records and 
their results shown that the SYO in the ΔLOD, GPS and geomagnetic data have a high degree of 
consistent synchronicity, and none of them has stable decreasing trend. Based on the AR-z spectrum 
method (Ding & Chao, 2015b, 2018b), and upon using a much longer ∆LOD time series (1760-2018), 
Ding (2019) (D19) identified 9 periodic signals, i.e., the ∼149 year, ∼68 year, ∼33 year, ∼22.3 year, 
∼18.6 year, ∼13.5 year, ∼11 year, ∼8.5 year and ~5.85 year periodic signals, in the intradecadal and 
decadal ranges. They first found that the ~8.5yr periodic oscillation (EYO) and suggested that it can 
be represented by a stable cosine signal. In D19, a clean time series for the SYO was obtained (after 
fitting and removing the other 8 periodic signals; a similar process as that in Holme & de Viron 
(2013)), their results showed that the SYO has no stable decay trend in the 1962-2018 time-span, the 
SYO has a slight decreasing trend in the 1975-1995 time-span, but change to a increasing trend after 
1995; this finding is consistent with the result shown in Chao et al. (2014), and D19 explained this by 
a modulation. Based on Daubechies wavelet fitting, NMWT, and a BEPME (boundary extreme point 
mirror-image-symmetric extension) method (which was claimed that can avoid the edge effects in 
the NMWT), Duan & Huang (2020b) (referred as to DH20) analyzed the LOD in the 1962-2019 
time-span, their results confirmed that the SYO has a stable decreasing trend and the EYO has a 
stable increasing trend, and they also confirmed that the SYO has a Q ~51.  
As for the possible relationship between the SYO/EYO and the geomagnetic jerks, Holme & de 
Viron (2005) first found that the 1969, 1972, 1978, 1982, 1992 and 1999 jerks are well consistent 
with the sudden changes in the ΔLOD in the 1962-2005 time-span. Holme & de Viron (2013) further 
confirmed found that the sudden changes (jumps) in their cleaner SYO time series may give rise to 
the geomagnetic jerks. Silva et al. (2012) also suggested that the SYO seems to be closely related to 
some geomagnetic jerks. Chulliat et al. (2015) suggested that the SYO may relative to the 2006, 
2009 and 2012 jerks. Soloviev et al. (2017) also suggested that the SYO has some relationship with 
the 1996, 1999, 2002 and 2014 geomagnetic jerks. D19 first calculated the excitation function time 
series φ(t) for the SYO in ΔLOD based on used a deconvolution process, they found that there is no 
clear relation between the geomagnetic jerks and φ(t), but they concluded that this finding needs to 
be further confirmed. Duan & Huang (2020b) claimed that they didn’t identify any possible excited 
event for the SYO in 1962-now time-span, and suggested that the SYO is discontinuously excited 
with a randomly 50-100 year time interval. Upon using 12 selected jerks, DH20 found that the 
peaks/valleys of the EYO are well consistent with 10 of them, but they suggested that the SYO has 
no possible relationship with jerks. DH20 further concluded that the EYO can be used to predict 
jerks. 
 To date, there two disputes for the SYO and the EYO in the ΔLOD: 
1) Whether the SYO and the EYO have stable damped trends in the 1962 to now time-span. 
2) Whether the geomagnetic jerks are possible excitation sources for the SYO and the EYO. 
 In this study, we try to resolve those two disputes.  
  
2. Whether the SYO and the EYO have stable damped trends 
 In this section, we will use two ΔLOD time series with different lengths as the datasets, and the 
ΔLOD time series in Holme & de Viron (2013) and DH20 will be extracted for further using.  
 
2.1 The used datasets 
 We first extract the residual ∆LOD time series (R0) and the recovered SYO/EYO (S1/E1) from 
DH20; the SYO time series S2 from Figure 2 of Holme & de Viron (2013) is also extracted for 
further comparison.  
Furthermore, we choose the 1962-2020 ΔLOD time series from the EOPC04 dataset (Petit & 
Luzum, 2010), the atmospheric angular momentum (AAM) dataset, the oceanic angular momentum 
(OAM) dataset and the hydrological angular momentum (HAM) dataset are also chosen for 
comparing and further using (The AAM/OAM/HAM are the mainly Earth external excitation sources 
of the Earth’s rotation). The 1962-2020 ΔLOD record is firstly decimated (after the low-pass filtering 
with the 18.263cpy cut-off frequency) from 1 day to 10 days sampling. The AAM record 
(1948/01-2019/03) (mass terms + motion terms) is also decimated from 6 hours to 10 days sampling. 
The OAM record (mass terms + motion terms) are combined by two different datasets, 
ECCO_50yr.oam and ECCO_kf080i.oam; the timespan of the first one is 1949/01/06-2003/01/06 
and the sampling is 10 days, the timespan of the second one is 1993/01/02-2019/02/15 and the 
sampling is daily. We merge them to form a new record with a 1949/01-2019/02 timespan and a 10 
days sampling. The HAM record is downloaded from the Special Bureau for Hydrology (based on 
the Land Surface Discharge Model (LSDM)) (Dill, 2008), the timespan is 1971/01/01-2020/06/04 
and the sampling is daily; again, it is decimated from daily to 10 days sampling. The ΔLOD and the 
AAM/OAM/HAM excited LOD time series are shown in Figure 1a (here we note that the units in the 
figures of D19 were misspelled to mas), their corresponding Fourier amplitude spectra are shown in 
Figure 1b. We can see that the ΔLOD shorter than 5yr are mainly caused by the AAM effects. All the 
AAM, HAM and OAM effects have very few contributions to the intradecadal period band (5-10 
year), except that the ~5 year signal in the ΔLOD is caused by the AAM (see Figure 1b). Hence, here 
we only remove the AAM effect from the original ΔLOD time series. The residual ΔLOD time series 
after removing the AAM effect is referred as G1. 
As the EOPC04 ΔLOD time series only has a ~58yr length, which may too short to isolate two 
close signals by using a filter, we further choose a yearly long-term ΔLOD time series (1730-2020) 
(from: www.iers.org/IERS/EN/Science/EarthRotation/LODsince1623.html?nn=12932). 
  
 Figure 1. (a) The ΔLOD and the AAM/OAM/HAM excited LOD time series. (b) The corresponding 
Fourier spectra of the time series in (a); the gray area denotes the background noise level in the 
0-0.6cpy, and the blue area denotes the 5.5-10 year period band. 
 
 
2.2 Reanalysis of the results in previous studies 
The extracted R0, S1 and E1 and their corresponding Fourier spectra are shown in Figs. 1a and 1b 
(also see Supplementary Fig. S1). The spectra of S1 and E1 show clear differences from that of R0, 
and the spectrum of the residual R0‒(S1+E1) clearly shows a residual peak between the two target 
signals (see Fig. 1b; the corresponding period is ~7yr). The phases also show clear differences in the 
target frequency bands (Figs. 1c and 1d). These results preliminarily indicate that the recovered 
SYO/EYO in DH20 cannot completely represent the real signals in ∆LOD.  
When using the classical filtering method for isolating two close signals, the data length should 
preferably be longer than 2/∆f (where ∆f is the frequency interval). As R0 is ~56 years long, one can 
safely use a classical high-pass filter to isolate the SYO, but it is no possible to completely filter the 
~10.6yr signal (Fig. 1c) for the EYO from R0. Here, a residual R1 is obtained after applying a 
zero-phase high-pass filter (with a 0.14 cpy cut-off frequency) to R0 (Fig. 1a). The spectral results 
show that the SYO amplitude in R0 and R1 are almost the same (considering the filtered noise effects; 
Fig. 1b) and that the phase difference between them is approximately zero (Fig. 1e). These findings 
mean that the applied filter does not change the real SYO in R0. Fig. 1a also shows that the SYO (S0) 
obtained from the filtered G1 (by using a bandpass filter with 0.14cpy and 0.2cpy as the cutoff 
frequencies), and the S2 from Holme & de Viron (2013). We can find that S0, S2 and R1 have good 
consistency even though different methods were used (Ding, 2019; Holme & de Viron, 2013), and 
there has no stable decreasing trend for the SYO in 1962-2019 time-span. In fact, S1 from DH20 
show consistency with R1 and S0 only in 1970-2000 time-span (simulation tests also prove this; see 
Supplementary Fig. S2). 
 For the EYO, a band-pass filter was applied to the 1730-2020 ∆LOD time series. In the 
1962-2019 time-span (Fig. 1a), the EYO is almost a stable oscillation, which is consistent with the 
finding in D19.  
 
 
Figure 2. (a) The residual ∆LOD time series (R0, gray curve) and the recovered SYO and EYO time 
series extracted from DH20; R1 (a filtered version of R0) and S0 (SYO from filtered EOPC04 ∆LOD 
time series) and E0 (EYO from a long-term ∆LOD record) are also shown. Each of the colored areas 
in (a) correspond to a fixed 5.9-year (or 8.6-year) period. (b) and (c) The Fourier amplitude and 
phase spectra of R0, R1, S1, E1 and (R0-S1-E1). (d) The phase differences between R1/S1 and R0 in a 
narrow frequency band. 
 
The above reanalysis denote that the obtained SYO and EYO by DH20 cannot completely 
represent the real signals in ∆LOD, and there seems also has a ~7.5yr signal in the 5.5-10yr period 
band. Besides, both the classic filter result from R0 and the result from Holme & de Viron (2013) 
show that there is no stable decreasing trend for the SYO in 1962-2019 time-span, which is 
consistent with the finding in D19. The classic filter result for EYO in the 1962-2019 time-span also 
shows no stable increasing trend. 
 
2.3 New results from classic filter 
 We first use a high-pass filter to the residual ΔLOD time series G1 (the cutoff frequency is 
0.10cpy), the Fourier spectrum of the filtered G1 is shown in Fig. 3b (and 3c). Comparing with 
Fig.2b, we can find that the ~10.6yr signal has been filtered. In the following, we will show that 
there is actually a ~7.5yr signal in the ΔLOD, not a ~7yr signal. As the length of the filtered G1 is 
about 58yr, even there has a ~7.5yr signal, it is still longer enough to filter the SYO from the EYO 
and the ~7.5yr signal, but it is difficult to isolate the EYO with ~7.5yr signal. Hence, we use a 
band-pass filter (the cutoff frequencies are 0.148cpy and 0.2cpy) to isolate the SYO from the filtered 
G1 (see Fig. 3a), while the EYO is selected from the filtered result that from the 1730-2020 ΔLOD 
time series (i.e., the time series E0 in Fig. 2a; also plotted in Fig. 3a). We didn’t try to filter the 
~7.5yr signal from the 1730-2020ΔLOD time series, because the amplitude of ~7.5yr seems too 
small (only ~0.04ms) and the data before 1962 are too noise. Instead, we first remove the obtained 
SYO and EYO from the filtered G1, then use am iterative fitting to obtain the ~7.5yr signal. Finally, 
we find that a 7.6yr periodic signal can well represent this signal (see Fig.3a; green curve).  
 Fig. 3b shows the Fourier amplitude and phase spectra of the filtered G1, SYO+EYO and the 
residual time series (G1‒[SYO+EYO]). The amplitudes and phases around the ~5.9yr show that the 
obtained SYO can well represent the original spectra, but the results around the ~8.5yr show clear 
difference between the EYO and the original signal. Similar as Fig. 2b, there is a residual peak 
around the ~7.5yr. Fig. 3c is similar as Fig. 3b, but the fitted 7.6yr signal is input, the results show 
that the three obtained time series can fully represent the original signals in the 5.5-10yr period band 
(not only for the amplitude, but also for the phase). Hence, we can conclude that the obtained SYO, 
EYO and the 7.6yr signal are reasonable. These results also indicate that the SYO and EYO have no 
stable decay trends.  
 Figure 3. (a) The obtained SYO and EYO from the ΔLOD time series based on the classic filter 
process; the green curve denotes the fitted 7.6yr signal from the G1 time series (filtered EOPC04 
time series) after removing the SYO and EYO in (a). (b) shows the amplitude and phase spectra for 
the filtered G1 and the SYO+EYO (in (a)); the amplitude spectrum for the residual time series 
(G1-SYO-EYO) is also shown in (b). (c) is similar as (b), but further consider the fitted 7.6yr signal.   
 
 
2.4 Why the decay trends for the SYO and EYO were obtained?  
The above sections show that all the results from the classic filter and from Holme & de Viron 
(2013) have no stable trend for the SYO and EYO, but why do the SYO and EYO recovered in 
DH20 have stable damping trends? Actually, Supplementary Figs. 3, 9-10, 14 and 15 in DH20 
clearly show that the edge effects were still present even when their NMWT+BEPME method was 
used. More importantly, their Figs. S14a and S15a show that the recovered signals have clearly 
increased and slightly decreased amplitudes, respectively, for the simulated stable sine signals. In 
light of this, we may guess that the damping trends for their SYO and EYO results should be affected 
by their used methods. 
We reproduced the same processing strategy explained in DH20 (Daubechies wavelet 
fitting+NWMT+BEPME) and tested it. Two time series, S1(t) and S2(t), were simulated. S1(t) 
contains 9 zero-phase and stable sine signals (the same as those in DH20, except for the random 
noise term; see their Supplementary Information); S2(t) also contains the same 9 periodic signals, but 
the amplitudes and phases were estimated by fitting the observed ∆LOD (Fig. 4a). The SYO/EYO 
recovered from S1(t) (+random noise) are shown in Fig. 4b, and our recovered results are almost the 
same as those in DH20 (red curve in Fig. 2a) (considering that the random noise cannot be the same). 
We further used the same process to reanalyze R0, and the obtained SYO/EYO almost overlap with 
the SYO/EYO extracted from DH20 (Fig. 4c; slight differences arise from the errors introduced 
when extracting data from their figures). Figs. 4b and 4c prove that we have fully reproduced the 
processing strategy used in DH20. 
Given the above, we used the same process to analyze S2(t). Not surprisingly, we obtained a 
decreasing SYO and an increasing EYO for the input stable cosine signals. As the real observation is 
more complicated than S2(t), there is a possibility that even if the SYO/EYO are nearly stable, the 
NWMT+ BEPME will indicate damping trends for them. Surprisingly, the SYO/EYO recovered 
from S2(t) are well consistent with those from the observed ∆LOD (Fig. 4c). Here, we may conclude 
that the damped nature of the SYO/EYO was only an artifact of the method used in DH20 (more 
evidence can be obtained from the test codes in the Supplementary Information). 
 Figure 4. (a) The residual time series G1 and two simulated records S1(t) and S2(t). (b) The SYO and 
EYO recovered from S1(t) based on the same processing strategy used in DH20 (Daubechies wavelet 
fitting+NWMT+BEPME); the SYO and EYO extracted from Figs. S14a/S15b in DH20 are also 
shown in (b). (c) The SYO and EYO recovered from R0 based on the same process used in (b). (d) 
The input SYO/EYO and the recovered SYO/EYO from S2(t). The SYO/EYO recovered from S2(t) 
are potted in (c). (e) The SYO and EYO recovered from DH20 and the jerk events in the past 
decades. The vertical dashed black lines and the green lines denote the 12 jerks selected in DH20; the 
grey areas show the jerk bounds from 1957 to 2008, and a new 1965 jerk is added. 
3. The relationship between jerks and EYO/SYO 
As we have reviewed in section 1, whether the SYO/EYO has some relationships with jerks is a 
pending problem, although we tend to believe they do have some relationships. In this section, we 
first follow the thoughts in DH20, i.e., we also compare the damping EYO obtained by DH20 with 
the jerks, but we will simultaneously compare the damping SYO and we will much more jerks.   
In DH20, only 12 jerks were selected, although many jerks have been identified in the past 
decades. The jerks did not occur at the same time in all regions of the Earth, and they have 1-2 year 
uncertainty (Brown et al., 2013; Pinheiro et al., 2011; Chulliat & Maus, 2014). Following the 
inferences of DH20 (although we do not agree), we plotted their recovered SYO/EYO and the 12 
selected jerks in Fig. 4e. Among all 12 selected jerks, only the 1972 and 2014 jerks do not 
correspond to the peaks/valleys of the EYO, but also, only the1982 and 1991 jerks do not correspond 
to the peaks/valleys of the SYO. Furthermore, if we refer to the general jerk bounds (Brown et al., 
2013) (Fig. 4e), the SYO shows even better consistency with jerks: all of the SYO’s valleys are close 
to the bounds of the jerks. Until now, there is no robust evidence to prove that the EYO must be 
caused by a torsional oscillation in the fluid outer core, although DH20 have suggested this (as Duan 
et al. (2018) have suggested for SYO). If the EYO is increased by jerk excitation, as claimed in 
DH20, why is this not also true for the SYO? Considering that different jerks generally have 1-3 year 
intervals, the EYO seems to offer no special help in predicting jerks, although we do not rule out the 
possibility that there will be a jerk in 2020-2021. 
In short, if we only simply compare the waveforms of SYO and EYO with jerks in the time 
domain, Fig.4e dose show that the SYO/EYO have some relationships with jerks, but more 
reasonable comparisons should be that comparing the sudden changes in the SYO/EYO time series 
with jerks or comparing the excitation time series of them with jerks. 
 
4. Discussions and conclusions 
 The fluctuations characteristics of the SYO and EYO will affect the understanding of their 
physical mechanisms. In order to confirm them, we reanalyzed the used ∆LOD records in previous 
studies and further analyzed the EOPC04 ∆LOD time series based on the classic filter process. Our 
results shown that the results for SYO from the classic filter process are well consistent with the 
corresponding results in Holme & de Viron (2013) and Ding (2019) (both of them used a fitting and 
removing process); meanwhile, the spectra results reveal that the stable damping SYO and EYO 
given by DH20 are not consistent with their own used ∆LOD record. Besides, we further use the 
same process (NWMT+BEPME) to further obtain a ~7yr signal from the residual time series 
(R0-S1-E1), a stable increasing time series was obtained (see Supplementary Fig. S3a). This is a 
strange finding, all the three close signals have stable damped trends. It is difficult to image what 
physical mechanisms can cause such observations. No matter what, Supplementary Fig. S3b clearly 
shows that those three time series still cannot represent the amplitude and phase spectra of their used 
∆LOD record. Our results from the classic filter process based on the EOPC04 and a much longer 
∆LOD time series also show that the SYO and EYO have no stable damping trend. Meanwhile, we 
confirm that a ~7.5yr signal also present in the ∆LOD time series for the first time (although Hao 
Ding has fitted and removed ~7.7yr signal in D19 to obtain a much clean SYO time series; this 
information was not specific explained in D19).  
 As for the possible relationship between jerks and SYO/EYO, although we don’t think that 
directly comparing the peaks/valleys of the SYO/EYO with jerks is a suitable way, based on this 
thought, we find that the SYO also has the similar relationship with jerks as DH20 suggested for the 
EYO. But clearly, there has no evidence to prove that the SYO and EYO were excited by jerks. 
Further studies are certainly needed. Besides, we add some explanations about the 
convolution/deconvolution in the SI, which can help other researchers to use the deconvoluted time 
series of SYO and EYO (i.e., their excitations) to further study on the possible relationship between 
jerks and SYO/EYO. 
 Recall the two disputes we summarized in section 1, in this study, we obtain the following 
conclusions: 
1) We found a ~7.6yr signal in the EOPC04 ∆LOD time series. 
2) We confirmed that there are no stable damped trends for the SYO and EYO in the 1962 to 
now time-span. Instead, both of them have time-varying amplitudes. NWMT+BEPME 
methods may cause the strange increasing or decreasing trend for a stable cosine signal when 
there are many signals contained in the used time series.   
3) Although the geomagnetic jerks are well consistent with the peaks/valleys of the SYO and 
EYO, there is no evidence to prove that the jerks are possible excitation sources for the SYO 
and EYO. Of course, the EYO also cannot be used to predict jerks. 
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Methods, tests and discussions 
 The residual ∆LOD time series R0 and the recovered SYO and EYO from R0 for DH201 are 
extracted from their Figs. 1 and 2. We use their original figure as references to show that our 
extracted time series are almost same as their results. The comparisons between them are shown in 
Fig. S1. 
 
 Figure S1. The original time series in Figs. 1a and 1b of DH20, and our extracted results from them 
(dashed black curves). 
 
 In this study, we use a zero-phase digital filter to further filter the R0 (from DH20 (Duan and 
Huang, 2020)), the residual ∆LOD time series, and the longer time series. A Matlab code (DH_filt.m) 
for this filter is given (please see the code parts), and the ‘test_DH_filt_for_SYO_EYO.m’ can 
reproduce our results. It is written by Hao Ding, so the readers can freely use it. 
As for the process strategy (Daubechies wavelet fitting+NWMT+BEPME) used in DH20, given 
that we have reproduce the almost same results as theirs from the same simulated test and the same 
R0 time series, their process have been reproduced. Actually, both of DH20’s and our core code 
(NWMT) are based on L.T. Liu’s code, and the BEPME is quite easy to be re-produced. The main 
difference is that which order of the Daubechies wavelet is used. There are 45 different choices for it 
in Matlab software, and one can test it in the given test code. We upload three Matlab codes for the 
simulated tests 1 and 2, run_simulated_test1.m, run_simulated_test2.m and nwmt_bepme.p. The 
parameters for the two simulated tests in the main test are given in those codes. The readers can use 
them to reproduce our results and to test other possible cases. 
 To further show the results from the DH20’s process, we do another four simulated tests. Also 9 
periodic signals as those in the main test are used, and the amplitudes of them are same as those in 
the simulated test 2 in the main text, but we randomly choose the phases for them. In Fig. S2, the 
first two tests consider the stable cosine SYO and EYO, while a decreasing SYO and increasing 
EYO are inputted in the two last tests. The results from the first two tests are similar as the test 2 in 
the main test, i.e., a decreasing SYO and increasing EYO are obtained even the inputted signals have 
stable amplitudes. The last two tests also indicate that results from the (Daubechies wavelet 
fitting+NWMT+BEPME) process does not similar as DH20 claimed, i.e., their process can well 
restore a damping oscillation (see simulated test 3 for SYO and simulated test 4 for EYO in Fig. S2).  
 
 
Figure S2. Four new simulate tests for validating NWMT+BEPME. The upper figure in each tests 
shows the simulated time series, the middle figure and bottom figure for the inputted and recovered 
SYO and EYO, respectively. The black curves denote the inputted signals and the red curves denote 
the recovered signals from NWMT+BEPME. The colored areas denote the consistent parts between 
the inputted and recovered signals. 
 
 DH20 (and Duan’s other papers) claimed that the BEPME can avoid the edge effects in NWMT. 
But we must say that BEPME seems only can reduce the edge effects of NWMT when the signals 
contained in the used time series are not too complicate. All the Supplementary Figs. 3, 9, 10, 14 and 
15 in DH20 support this (i.e., the edge effects are still presented). From lots of simulated tests, we 
find that NWMT+BEPME only has good consistence with the inputted signal between ~1980 to 
~2000. If we look at Fig. 1a again in the main text, we will find that the recovered SYO from DH20 
also just has good consistence in such time-span with filtered R0 and S0. Fig. S2 also clearly shows 
that only the 1980-2000 time-span has a slightly decreasing trend, but not for the other time span. 
Hence, the stable damping SYO and EYO just caused by the BEPME, namely BEPME cannot avoid 
the edge effects of NWMT. We agree with that the NWMT will obtain better results in the middle 
part of the used record, but obviously disagree with that NWMT+BEPME can obtain the ‘real’ signal 
in the whole time-span. Even part of the ends were cut in their figures (and our results which similar 
as them), but their figures still show clearly differences with the inputted ideal signals. Given that 
their relevant tests use almost same length as the real ∆LOD, recovered results for the two ends will 
still affected by the edge effects.  
 
Figure S3. (a) The recovered 7yr signal from the exacted residual time series R0 after removing the 
SYO (S1) and EYO (E1) based on the same process in DH20. (b) The amplitude and phase spectra of 
R0, the recovered 7yr signal (Se), R0‒(S1+E1), R0‒(S1+E1+Se) and S1+E1+Se. (b)The recovered 7yr 
signal 
 
 In order to confirm whether the amplitude and phase deviations between R0 and S1+E1 shown in 
Fig.2b may be caused by a residual signal, we use the same NWMT+BEPME process to analyze the 
residual time series R0‒(S1+E1+Se). No surprise, a stable increasing 7yr signal is obtained (see Fig. 
S3a). Here, we don’t judge this result, but suggest the readers to consider the possibility of that three 
closer signals in the complex Earth system have stable damped trends. Fig. S3b shows that the 
recovered 7yr signal can represent the spectral amplitude in the residual R0‒(S1+E1), but the three 
signals (S1+E1+Se) clearly cannot well represent the corresponding amplitudes and phases in the 
residual time series R0. This finding means that the amplitude and phase deviations in Fig.2b are not 
caused by the residual signal. Of course, according the main text, whether the residual peak 
corresponds to a periodic signal is doubtful, it may be just caused by the un-correct recovered SYO 
and EYO. 
There is another very important thing in the Supplementary of DH20, which will mislead the 
reader. In their Supplementary 5 and Fig. 18 and 19, DH20 tested the excitations of one/two damping 
signals by the random noise. In their Supplementary Figs. 18 and 19, two 1000 month long time 
series convolute with each other, and a 2000 month long (more exactly, 1999 months) ‘observed’ 
time series is obtained. Then they claimed that the inputted decreasing signal can be obtained from 
this 1999 month long time series, but we can find that only last half parts of those ‘observed’ time 
series have decreasing trends (see their Supplementary Figs. 18 and 19). Actually, there is a 
difference between the mathematics and physics, we will explain that only the first 1000 months are 
the ‘real observed’ results in physics (Chao, 2017). 
 Fig. S4 Schematic diagrams for convolution and deconvolution 
 
 Mathematically, if an excitation e(t) convolutes with a normal mode g(t), and they have the same 
time-span and length N, then a 2N‒1 long time series will be obtained (this is what has shown in 
DH20). But in the real world, we can only observe the excited changes before now. If one can just 
use a convolution to obtain the signal after1000 month later, all phenomena in the world can be 
easily predicted. However, that’s not true. Here we use a simple example to explain this. We 
simulate an excitation e(t) and a normal mode g(t) in 1962-2019, after convoluting, the ‘observed’ f(t) 
can be obtained. For the real world, we only observed the first half of f(t) (the results before the 
dashed green line in Fig. S4). Suppose we have exactly known the normal mode g(t), then it can be 
deconvolved from f(t), and we only need the ‘real observed’ first half part of f(t), the e(t) can be fully 
recovered (see the dashed red curve in Fig. S4). For the last half of f(t) which has similar decreasing 
trend as g(t), if we deconvolve it with g(t), the obtained excitation time series is totally different with 
the inputted e(t) (see the dashed light blue curve in Fig. S4).  
Here are the problems coming. DH20 claimed that ‘However, if it is the latter case, then the 
output series via the continuous stochastic excitation may be various with the different input series 
(e.g., supplementary Fig.18), that is to say, if the output result (or the original observed signal) is 
decaying, then the result recovered by our method will be decreasing as well’, so which part of the 
output will be used to recover the signal? From their Fig. 18, most of the last half of the output are 
decreasing. 
If the observed EYO is increasing as DH20 suggested, and it was continuously excited, can we 
believe that the EYO must be an increasing normal mode? As the SYO also has similar relationship 
with jerks as DH20 suggested for EYO, following them, we can also suggest that SYO was 
continuously excited. So if we use jerk excitation for the increased EYO amplitude as DH20 
suggested, how to explain the decreased SYO amplitude? Should it be increased as the EYO? 
In summary, for the real world, only from the fluctuation characteristics of a signal in the 
time-domain, no matter it has damping amplitude, oscillation amplitude or even stable amplitude, 
without other independent information, one cannot definitely claim anything about its excitations or 
attenuation Q. 
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